TITLE OF THE INVENTION 
METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE AND 
SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Applications No. 11-282404, filed October 4, 1999; and 
No. 11-282405, filed October 4, 1999, the entire 
contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to a damascene 
structure and a CMP process for forming the damascene 
structure and, more particularly, to a structure of a 
barrier film on the upper surface of a Cu wiring and a 
CMP process for forming the barrier film structure. 
The invention is directed to achieve reduction in 
capacity between wirings, assurance of oxidation 
resistance and preventability of diffusion of Cu, and 
suppression of increase in wiring resistance. 

A semiconductor device in recent years employs a 
damascene wiring (including a plug) structure from the 
viewpoints of size reduction and so on. In a multi- 
level damascene wiring structure, in order to prevent 
oxidation and diffusion of a metal filled in a groove, 
to provide an etching stopper and to reduce contact 
resistance, and so on, it is necessary to provide a cap 
film made of a material different from the material of 



the wiring on the upper surface of the wiring. It is 
important that the cap film is thin. One of the 
reasons is to prevent deterioration of the wiring 
performance (or plug performance), specifically, to 
minimize an RC delay. Another reason is that it is 
difficult from a process viewpoint to form a wiring 
(or plug) having a high aspect ratio, that is, a thick 
film. 

The damascene structure will be described 
hereinbelow by using a wiring as an example. In a 
conventional technique, a groove for wiring is formed 
in an insulating film and is filled with a wiring 
material, thereby forming a wiring. After that, the 
wiring is etched only by a thickness corresponding to 
the thickness of a cap film to be formed, thereby 
forming a recess on the upper surface of the wiring. 
After that, the material of the cap film is deposited 
on the entire surface of the semiconductor substrate. 
By removing the cap film on a field region by CMP 
(chemical mechanical polishing), the cap film is left 
only in the groove for wiring. In such a manner, the 
cap film is formed by being embedded in the groove for 
wiring. 

According to the conventional method, however, 
dishing is caused by the CMP in the cap film on the 
wiring and controllability with respect to the 
thickness of the cap film is low. For example, when 



the width of a wiring is set to 5 /xm, although a cap 
film having a thickness of 40 nm is tried to be formed, 
as shown in FIG. 1, the thickness of the cap film 
becomes 15 nm in practice which is less than the half 
of the desired value. In an area where the wiring 
width is wider than 5 jjlxi, the cap film formed is much 
thinner. That is, the wiring width dependency on the 
thickness of the cap film is large, the process 
controllability is low, and a desired film thickness 
cannot be obtained in an area where the wiring width is 
large . 

In a further conventional technology, therefore, 
in the case of making the thickness of the cap film 
constant, a large amount of the recess is formed in the 
wiring, so that it is possible that a cap film having 
a desired thickness can be formed. According to the 
conventional method, however, the surface of a 
semiconductor substrate after the cap film on the field 
region is removed by CMP is very rough, and also the 
cap film remains on side wall of the groove. It causes 
the following problems. For example, a deviation 
occurs between the damascene wiring and a via hole 
formed on the damascene wiring, so that the contact 
material with which the via hole is filled is not 
sufficiently filled and the contact resistance 
increases. In the case where the cap film is 
conductive, the electrode area as a capacitor increases 



only by an amount corresponding to the residual cap 
film on the side walls of the groove. Consequently, 
the capacity between wirings increases and the RC delay 
of the wiring increases. 

As described above, the conventional damascene 
structure and the CMP process for forming the 
conventional damascene structure have the problem 
caused by the dishing of the cap film as described 
in the first conventional example and the problem 
caused by the residual cap film on the side walls of 
a groove as described in the second conventional 
example. The problems obstruct improvement in 
characteristics. It is an object of the invention to 
provide a semiconductor device having an excellent RC 
characteristic by forming a cap film while avoiding the 
problems . 

Hitherto, a TiN film, a TaN film, for example, 
are proposed to be employed as a film of preventing 
diffusion of Cu deposited on the surface of a Cu 
wiring. In order to realize the structure, the upper 
portion of the Cu wiring formed in the groove of the 
insulating layer is removed so that the Cu wiring is 
recessed from a level of the upper surface of the 
insulating film. Subsequently, a barrier film is 
formed on the entire surface of a semiconductor 
substrate. After that, the barrier film on the field 
region of the insulating film is removed by chemical 



mechanical polishing (CMP). The barrier film on the Cu 
film is, however, easily influenced by the state of the 
surface of the Cu film. It follows that that the 
diffusion preventability deteriorates in a rough 
portion caused by particles in the surface of the Cu 
film and a step portion between the insulating film and 
the wiring. In some cases, a defect occurs in the 
barrier layer by dishing and a damage at an edge 
portion at the time of CMP for forming the barrier 
layer. In order to ensure sufficient diffusion 
preventability even when a defect occurs, the barrier 
film has to be formed thick. Furthermore, the 
polishing speed of CMP varies in the surface of the 
wafer. The barrier film therefore has to be thick 
enough to ensure a high diffusion preventability and, 
in addition, to compensate the variation. Since such 
an increase in the thickness of the barrier film 
reduces the thickness of the wiring in the groove for 
wiring, effective wiring resistance (wiring resistance 
for the volume of the groove) increases. Although it 
can be considered to deepen the groove in order to 
decrease the wiring resistance, in this case, the 
aspect ratio becomes higher. It increases not only the 
load of processing the groove and filling Cu but also 
the capacity between wirings since the facing areas of 
the wirings are enlarged. 

It is therefore another object of the invention to 



provide a barrier film having the structure which can 
avoid the problems and to suppress diffusion of Cu into 
an insulating interlayer without increasing the 
capacity between wirings. 

BRIEF SUMMARY OF THE INVENTION 

According to a first aspect of the present 
invention , there is provided a method of manufacturing 
a semiconductor device, comprising: a step of forming 
an insulating film on a semiconductor substrate; a step 
of forming a groove in the insulating film; a step of 
filling the groove with, a wiring material; a step of 
performing CMP to form a filled wiring; a step of 
etching the filled wiring material to thereby form 
a recess; a step of depositing a cap film on the recess 
formed by etching the wiring material; a first 
polishing step of performing a polishing operation at 
selectivity of Rl (= removal rate for the cap 
film/removal rate for the insulating film) ; and a 
second polishing step of performing a polishing 
operation at selectivity of R2 (= removal rate for the 
cap film/removal rate for the insulating film) , wherein 
each of the first polishing step and the second 
polishing step is performed by using a slurry having 
a condition of Rl > R2. 

According to the invention, the cap film can be 
formed in a state where occurrence of dishing on the 
damascene wiring is suppressed as much as possible. 



Preferably, the depth of the recess formed by 
etching the wiring material is larger than the 
thickness of the cap film. By satisfying the condition 
that the recess depth is larger than the thickness of 
the cap film, occurrence of dishing in the cap film can 
be suppressed as much as possible in the first 
polishing step. 

In the method of manufacturing a semiconductor 
device according to the first aspect of the present 
invention, it is preferable that Rl in the first 
polishing step is equal to or larger than 1 and R2 
in the second polishing step is equal to or smaller 
than 1 . 

In the method of manufacturing a semiconductor 
device according to the first aspect of the present 
invention, it is preferable that a main component of 
the cap film is any of Ti, Ta, Nb, W, Cr, V, Pt, and 
Ru, a nitride, an oxide, a boride, and an alloy of any 
of the elements, and a mixture of the elements. 

In the method of manufacturing a semiconductor 
device according to the first aspect of the present 
invention, it is preferable that a main component of 
the cap film is any of Si, an Si oxide and an Si 
nitride, or the cap film is a fluorine-doped oxide film 
or poly-methyl-siloxane . 

In the method of manufacturing a semiconductor 
device according to the first aspect of the present 



invention, it is preferable that a main component of 
the wiring material is any of Al, Cu, W, Ru, Ag, Mo, 
and Si, a nitride, an oxide, a boride and an alloy of 
any of the elements, and a mixture of any of the 
elements . 

According to a second aspect of the present 
invention, there is provided a semiconductor device 
comprising: an insulating film formed on a 
semiconductor substrate; a groove formed in the 
insulating film; a first conductive film formed on 
inner walls of the groove; a second conductive film 
formed on the inner walls via the first conductive 
film; and a third conductive film formed so as to cover 
the upper of the second conductive film, wherein the 
level of the surface of the insulating film near the 
first conductive film is gradually lowered from a 
position close to the first conductive film. 

According to a third aspect of the present 
invention, there is provided a semiconductor device 
comprising: a first insulating film formed on a 
semiconductor substrate; a groove formed in the first 
insulating film; a second insulating film formed on 
inner walls of the groove; a conductive film formed n 
the inner walls via the second conductive film; and a 
third insulating film formed so as to cover the upper 
of the conductive film, wherein the surface of the 
first insulating film and the surface of the third 



insulating film in the center portion of the groove are 
almost at the same level, and the surface of the second 
insulating film and ends of the third insulating film 
are higher than the level. 

According to a fourth aspect of the present 
invention, there is also provided a semiconductor 
device having a filled Cu wiring structure formed in an 
insulating film, wherein a layer made of Al or an Al 
alloy is formed on the upper surface of a Cu wiring 
portion via an intermediate layer. 

As described above, by using the structure in 
which a layer made of Al or an Al alloy is. formed on 
the upper surface of a Cu wiring via an intermediate 
layer, even if Cu is leaked, Cu is captured in the Al 
layer. Consequently, diffusion of Cu is suppressed. 
Since Al has low resistance, even when an Al layer is 
formed thick to assure margin or the like, increase in 
the effective resistance caused by a barrier layer 
formed on the wiring can be minimized. 

Preferably, the intermediate layer contains at 
least one element selected from Ti, Zr, V, W, Ta, Nb, 
Cr, Sn, Co and Ru. 

Each of the elements has the function of 
preventing diffusion of Al into the Cu wiring, thereby 
preventing increase in wiring resistance. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 



in part will be obvious from the description, or may 
be learned by practice of the invention. The objects 
and advantages of the invention may be realized and 
obtained by means of the instrumentalities and combina- 
tions particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings , which are incorporated 
in and constitute a part of the specification, illust- 
rate presently preferred embodiments of the invention, 
and together with the general description given above 
and the detailed description of the preferred embodi- 
ments given below, serve to explain the principles of 
the invention. 

FIG. 1 shows a dependency characteristic of 
thickness of a finished cap film on the width of a 
wiring (comparison between a conventional technique and 
the present invention). 

FIGS. 2A to 2D are cross sectional views of device 
structures in manufacturing steps of a method of 
manufacturing a semiconductor device according to a 
first embodiment of the invention. 

FIGS. 3A and 3B are cross sectional views of 
device structures in manufacturing steps of the 
manufacturing method subsequent to FIGS. 2A to 2D. 

FIG. 4 is a characteristic diagram of a removal 
rate and selectivity referred to with respect to the 
method of manufacturing a semiconductor device 



according to the first embodiment of the invention. 

FIGS* 5A to 5C are cross sectional views of device 
structures in manufacturing steps of a method of 
manufacturing a semiconductor device according to a 
second embodiment of the invention. 

FIGS. 6A to 6C are cross sectional views of device 
structures in manufacturing steps of the manufacturing 
method subsequent to FIGS. 5A to 5C. 

FIGS. 7A and 7B are cross sectional views of 
device structures in manufacturing steps of the 
manufacturing method subsequent to FIGS. 6A to 6C. 

FIGS. 8A to 8D are cross sectional views of device 
structures in manufacturing steps of a method of 
manufacturing a semiconductor device according to a 
third embodiment of the invention. 

FIGS. 9A and 9B are cross sectional views of 
device structures in manufacturing steps of the 
manufacturing method subsequent to FIGS. 8A to 8D. 

FIGS. 10A to IOC are cross sectional views of 
device structures in manufacturing steps of a method of 
manufacturing a semiconductor device according to a 
fourth embodiment of the invention. 

FIGS. 11A to 11C are cross sectional views of 
device structures in manufacturing steps of tHe 
manufacturing method subsequent to FIGS. 10A to IOC. 

FIGS. 12A to 12C are cross sectional views of 
device structures in manufacturing steps of a method of 



manufacturing a semiconductor device according to a 
fifth embodiment of the invention. 

FIGS, 13A and 13B are cross sectional views of 
device structures in manufacturing steps of the 
manufacturing method subsequent to FIGS. 12A to 12C. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the invention will be described 
hereinbelow with reference to the drawings. 

A first embodiment of the invention is referred to 
a method of forming a cap film made of TaN on the upper 
surface of a Cu damascene wiring. The cap film is 
formed to prevent diffusion of the Cu wiring and 
oxidation of the Cu wiring, to protect the Cu wiring at 
the time of opening a connection hole and to reduce 
contact resistance of the Cu wiring. 

As shown in FIG. 2A, an insulating film 101 made 
of, for example Si02 / is formed on the entire surface 
of a semiconductor substrate 100. A groove for a 
wiring having a depth of 4 00 nm is formed in the 
insulating film 101 by lithography and etching. A TaN 
film 102 is deposited to 20 nm by sputtering on the 
entire surface of the semiconductor substrate 100 and a 
Cu film 103 is deposited to 800 nm by sputtering. The 
TaN film 102 is necessary as a diffusion preventing 
layer surrounding the bottom surface and side surface 
of the Cu film. 

As shown in FIG. 2B, an unnecessary portion of the 



Cu film 103 , that is, the Cu film 103 on the field 
region is removed by CMP, thereby leaving the Cu film 
103 only in the groove for wiring, that is, a wiring 
portion. The CMP is carried out for 120 seconds by, 
for example, using an alumina-series slurry containing 
ammonium persulfate and quinaldinic acid with the 
parameters of PH8, TR/TT (rotation ratio of top 
ring/turn table) of 60/100, and a pad of IC1000 
(surface Iayer)/Suba400 ( underlayer ) . At this stage, 
the TaN film 102 is not removed but is left on the 
field region. In the case where the insulating film 

101 is not damaged by the CMP performed on the TaN film 

102 at this stage or the following etching process 
performed on the Cu film 103, there is no problem from 
a process viewpoint to remove the TaN film 102 at this 
stage . 

As shown in FIG. 2C, the Cu film 103 of the wiring 
portion is recessed to about 100 nm. The recess is 
formed by, for example, either dry etching such as RIE 
using a chlorine gas or by wet etching using a mixed 
solution of ammonium persulfate as an etching solution 
and quinaldinic acid as an inhibitor of suppressing 
grain boundary etching. 

As shown in FIG. 2D, a TaN film 104 is deposited 
to 20 nm on the entire surface of the semiconductor 
substrate 100. 

As shown in FIG. 3A, the TaN films 104 and 102 on 



the field region are removed in a first polishing step 
by CMP so as to leave the TaN films 104 and 102 only in 
the groove for wiring, that is, the wiring portion, 
thereby obtaining the cap film on the Cu film 103. 
Subsequently, as shown in FIG. 3B, in a second 
polishing step by CMP, the insulating film 101 and the 
TaN film 102 are polished to the upper surface of the 
TaN film 104. 

In the first polishing step in FIG. 3A, in order 
to prevent deterioration in the yield of the device 
caused by short-circuiting between Cu films 103, it is 
necessary to completely remove the TaN films 102 and 
104 on the field region. Furthermore, it is desirable 
that the process time is shortened. Accordingly, it 
is desirable that the removal rate for TaN is high. 
On the other hand, in order to suppress the damage 
on the TaN film 104 on the Cu film 103 as much as 
possible, it is necessary that the insulating film 101 
remains firmly so that a step between the insulating 
film 101 and the TaN film 104 on the Cu film 103 is 
maintained. For this purpose, it is desired that the 
removal rate for the insulating film 101 is low. 

That is, a slurry used in the first polishing step 
desirably has characteristics such that, as shown in 
FIG. 4, the removal rate for the TaN film 104 is high 
and that of polishing the insulating film 101 is low. 
A desirable slurry is, for instance, a silica-series 



slurry. in the first polishing step in the embodiment, 
a silica-series slurry is used and polishing is 
performed for 6 0 seconds with the parameters of PH2 , 
TR/TT of 60/100, and a pad of IC1000/Suba400 . When it 
is assumed that (removal rate for the cap film 
104 )/( removal rate for the insulating film 101) = Rl, 
the condition of Rl > 1 is obtained. 

In the second polishing step in FIG. 3B, in order 
to remove the step of the insulating film 101 with 
respect to the TaN film 104, it is desirable that the 
removal rate for insulating film 101 is high. On the 
other hand, in order to minimize a damage to the cap 
film on the Cu film 103, that is, the TaN film 104, it 
is desirable that the removal rate for the TaN film 104 
is as low as possible. 

That is, a slurry used for the second polishing 
step has, as shown in FIG. 4, a high removal rate for 
the insulating film 101 and a low removal rate for the 
TaN film 104 and does not cause grain boundary etching. 
A desirable slurry is, for example, an alkaline silica- 
series slurry to which malonic acid is added. In the 
second polishing step in the embodiment, for example, 
an alkaline silica-series slurry to which malonic acid 
is added is used and polishing is performed for 120 
seconds with the parameters of PH12, TR/TT of 60/100 
and a pad of lC1000/Suba400 . When it is assumed that 
(removal rate for the cap film 104 )/( removal rate for 



the insulating film 101) = R2, the condition of R2 < 1 
is obtained. The TaN film 102 on the side walls of the 
recess is removed since a heavy load of the polishing 
is locally applied onto the side wall of the recess. 

By the manufacturing process as described above, 
the TaN film 104 which has subjected to minimum dishing 
and functions as a high quality barrier can be formed. 
That is, the TaN film 104 functioning as a high quality 
barrier can be formed to a desired thickness with high 
controllability. Also, the TaN film 102 on the side 
wall of the recess can be removed. By using the slurry 
having the characteristics as described above in the 
second polishing step, the level of surface of the 
insulating film 101 is gradually lowered from the 
position near the TaN film 102. That is, by using the 
slurry having the characteristics as described above in 
the second polishing step, the insulating film 101 is 
dished . 

A second embodiment of the invention is referred 
to a method of forming a cap film made of SiN on the 
upper surface of a damascene wiring made of W 
(tungsten). The structure can be applied to a case 
such that a gate electrode is covered with an SiN film. 
The cap film is used as an insulating layer to protect 
the wiring material layer and as an etching stopper 
against RIE . 

First, as shown in FIG. 5A, an insulating film 201 



of, for example SiC>2, is formed on the entire surface 
of a semiconductor substrate 200. Then, a groove for 
wiring is formed to a depth of 400 nm in the insulating 
film 201 by lithography and etching. An SiN film 202 
is deposited to 20 nm on the entire surface of the 
semiconductor substrate 200 by LP (Low-Pressure ) -CVD 
(Chemical Vapor Deposition) . 

As shown in FIG. 5B, the SiN film 202 on the field 
region of the insulating film 201, is removed by etch- 
back RIE (Reactive Ion Etching) using CHF3 gas, thereby 
leaving the SiN film 202 only on the side wall of the 
groove . 

As shown in FIG. 5C, as a seed layer of W 
(tungsten), a superposed film 203 of Ti (lower 
layer ) /TiN (upper layer) is deposited to 10 nm/20nm by 
sputtering, and a W film 204 is deposited to 550 nm by 
CVD. 

Then, as shown in FIG. 6A, the W film 204 and the 
Ti/TiN film 203 on the field region of the insulating 
film 201 are removed by CMP. In the CMP, for example, 
an alumina-series slurry containing ferric nitrate is 
used and polishing is performed for 120 seconds with 
the parameters of PHI. 5, TR/TT of 60/100 and a pad of 
IClOOO/Suba 400. 

Subsequently, as shown in FIG. 6B, the W film 204 
and the Ti/TiN film 203 on the side wall are etched 
about 100 nm by dry etching using a chlorine gas and a 



fluorine gas, thereby forming a recess. 

Thereafter, as shown in FIG- 6C, an SiN film 205 
is deposited to 2 0 nm by sputtering on the entire 
surface of the semiconductor substrate 200. 

After that, as shown in FIG. 7A, the SiN film 205 
on the field region is removed in the first polishing 
step. 

Then, as shown in FIG. 7B, the insulating film 201 and 
SiN films 202 and 205 are polished to the upper surface 
of the SiN film 205 in the second polishing step. 

The slurry used in the first polishing step in 
FIG. 7A has the characteristics that the removal rate 
for SiN is high and the removal rate for the insulating 
film is low. A desirable slurry is, for example, a 
silica-series slurry containing phosphoric acid. In 
the first polishing step in the embodiment, for 
example, a silica-series slurry containing phosphoric 
acid is used and polishing is performed for 120 seconds 
with the parameters of PHI. 5, TR/TT of 50/50 and a pad 
of IC1000/Suba400 . When it is assumed that (removal 
rate for the cap film 2 05 )/( removal rate for the 
insulating film 201) = Rl, the condition of Rl > 1 is 
obtained. 

In the second polishing step in FIG. 7B, in order 
to remove the step of the insulating film 201 with 
respect to the SiN film 205, it is desirable that the 
removal rate for the insulating film 201 is high. On 



the other hand, in order to minimize a damage on the 
SiN cap film 205 on the tungsten (W) film 204, it is 
desirable that the removal rate for the SiN film 205 is 
as low as possible. 

The slurry used in the second polishing step has 
the high removal rate for the insulating film and the 
low removal rate for SiN, and does not cause grain 
boundary etching. A desirable slurry is, for example, 
a silica-series slurry. In the embodiment, a silica- 
series slurry is used and polishing is performed for 
120 seconds with the parameters of PH12, TR/TT of 50/50 
and a pad of IC1000/Suba400 . When it is assumed that 
(removal rate for the cap film 205 )/ (removal rate for 
the insulating film 201) = R2 , the condition of R2 < 1 
is obtained. The SiN films 202 and 205 on the side 
wall of the recess are removed by a heavy load of the 
polishing is locally applied onto side wall of the 
recess . 

By performing the polishing in the plurality of 
steps as described above, the SiN cap film 205 which is 
minimally dished can be formed. That is, the SiN cap 
film 205 can be controlled to a desired thickness. The 
SiN film 205 on the side walls of the recess can be 
also removed. In the second polishing step using the 
slurry having the above-described selectivity, the 
upper end portion of the SiN film 205 is slightly 
projected in a round shape. According to such a 



structure, in an RIE process in the case where an 
insulating film (not shown) is formed in the following 
manufacturing step and an SAC (Self Align Contact) step 
is performed, concentration of plasma on the upper end 
portion of the SiN film 205 is suppressed, thereby 
reducing a local damage on a device. 

A third embodiment of the invention will be 
described with reference to FIGS. 8A to 8D and FIGS. 9A 
and 9B. The third embodiment of the invention is 
referred to a method of forming a cap film made of TiN 
on the upper surface of an Al (aluminium) damascene 
wiring. The cap film in the embodiment is used to 
suppress reflection on the surface of the Al film in a 
lithography process. 

^As shown in FIG. 8A, an insulating film 301 made 
of, for example, SiC>2 is formed on the entire surface 
of a semiconductor substrate 300. Then, a groove for 
wiring having a depth of 400 nm is formed in the 
insulating film 301 by lithography and etching. An NbN 
film 302 is deposited to 2 0 nm on the entire surface of 
the semiconductor substrate 300 by sputtering and an Al 
film 303 is deposited to 800 nm by sputtering. The NbN 
film 302 functions as a liner of Al. 

As shown in FIG. 8B, an unnecessary portion of the 
Al film 303, that is, the Al film 303 on the field 
region is removed by CMP, thereby leaving the Al film 
303 only in the groove for wiring, that is, a wiring 



portion. The CMP is carried out for 120 seconds by, 
for example, using an alumina-series slurry containing 
quinaldinic acid with the parameters of PH5, TR/TT of 
60/100, and a pad of IC1000 (surface layer ) /Suba400 
(underlayer ) . At this stage, the NbN film 302 is not 
removed but is left on the field region. In the case 
where the insulating film 301 is not damaged by the CMP 
performed on the NbN film 302 at this stage or the 
following etching process performed on the Al film 303, 
there is no problem from a process viewpoint to remove 
the NbN film 302 at this stage. 

As shown in FIG. 8C, the Al film 303 of the wiring 
portion is recessed to about 100 nm. The recess is 
formed by, for example, dry etching such as RIE using a 
chlorine gas. 

As shown in FIG. 8D, a TiN film 304 is deposited 
to 20 nm on the entire surface of the semiconductor 
substrate 300. 

As shown in FIG. 9A, the TiN films 3 04 and the NbN 
film 302 on the field region are removed in a first 
polishing step by CMP so as to leave the TiN film 304 
only in the groove for wiring, that is, the wiring 
portion, thereby obtaining the cap film on the Al 
film 303. Subsequently, as shown in FIG. 9B, in a 
second polishing step by CMP, the insulating film 301 
and the NbN film 302 are polished to the upper surface 
of the TiN film 304. 



In the first polishing step in FIG. 9A, in order 
to prevent deterioration in the yield of the device 
caused by short-circuiting between Al films 303 , it is 
necessary to completely remove the NbN films 302 and 
the TiN film 304 on the field region. Furthermore, it 
is desirable that the process time is shortened. 
Accordingly, it is desirable that the removal rate for 
TiN arid NbN is high. On the other hand, in order to 
suppress the damage on the TiN film 304 on the Al film 
303 as much as possible, it is necessary that the 
insulating film 301 remains firmly so that a step 
between the insulating film 301 and the TiN film 304 on 
the Al film 303 is maintained. For this purpose, it is 
desired that the removal rate for the insulating film 
301 is low. 

That is, a slurry used in the first polishing step 
desirably has characteristics such that, the removal 
rate for the TiN film 304 and the NbN film 302 is high 
and that of polishing the insulating film 301 is low. 
A desirable slurry is, for instance, a silica-series 
slurry. In the first polishing step in the embodiment, 
a silica-series slurry is used and polishing is 
performed for 60 seconds with the parameters of PH2, 
TR/TT of 60/100, and a pad of IC1000/Suba400 . When it 
is assumed that (removal rate for the TiN cap film 
304 )/( removal rate for the insulating film 301) = Rl, 
the condition of Rl > 1 is obtained. 



In the second polishing step in FIG. 9B, in order 
to remove the step of the insulating film 301 with 
respect to the TiN film 304, it is desirable that the 
removal rate for insulating film 301 is high. On the 
other hand, in order to minimize a damage to the cap 
film on the Al film 303, that is, the TiN film 304, it 
is desirable that the removal rate for the TiN film 3 04 
is as low as possible. 

That is, a slurry used for the second polishing 
step has a high removal rate for the insulating film 
301 and a low removal rate for the TiN film 304 and 
does not cause grain boundary etching. A desirable 
slurry is, for example, an alkaline silica-series 
slurry to which malonic acid is added. In the second 
polishing step in the embodiment, for example, an 
alkaline silica-series slurry to which malonic acid is 
added is used and polishing is performed for 120 
seconds with the parameters of PH12, TR/TT of 60/100 
and a pad of IC1000/Suba400 . When it is assumed 
that (removal rate for the TiN cap film 304 )/( removal 
rate for the insulating film 301) = R2, the condition 
of R2 < 1 is obtained. The NbN film 302 on the side 
wall of the recess is removed since a heavy load of the 
polishing is locally applied onto the side wall of the 
recess . 

By the manufacturing process as described above, 
the TiN film 304 which has subjected to minimum dishing 



and functions as a high quality barrier can be formed. 
That is, the TiN film 304 functioning as a high quality 
barrier can be formed to a desired thickness with high 
controllability. Also, the NbN film 302 on the side 
wall of the recess can be removed. By using the slurry 
having the characteristics as described above in the 
second polishing step, the level of surface of the 
insulating film 301 is gradually lowered from the 
position near the NbN film 3 02. That is, by using the 
slurry having the characteristics as described above in 
the second polishing step, the insulating film 301 is 
dished. 

In the above mentioned embodiments, various 
modifications and applications of polishing parameters 
such as a slurry, a pad or the like, process conditions 
such as a stack layer structure , materials , and film 
thickness, and so on are possible without departing 
from the scope of the present invention. 

For example, although the materials of the cap 
film have been described as TaN, SiN and TiN, according 
to a purpose selected from the prevention of diffusion 
of a wiring, prevention of oxidation, prevention of 
reflection, prevention of etching (etching stopper), 
reduction of contact resistance, and improvement of 
reliability, a material having a main component 
selected from Ti, Ta, Nb, W, Cr, V, Pt and Ru, 
nitrides, oxides, borides, and alloys of the elements, 



and a mixture of the elements can be used as the 
materials of the cap film. Also, a material having a 
main component selected from Si, Si oxide, Si nitride, 
a fluorine-doped Si oxide, or poly-methyl-siloxane can 
be used as the materials of the cap film. 

A fourth embodiment of the invention will be 
described hereinbelow with reference to the drawings. 

The fourth embodiment of the invention relates to 
a method of forming a barrier layer made of Al/TaN on 
the upper surface of a Cu damascene wiring. The 
barrier layer formed on the upper surface of the wiring 
is used to prevent diffusion of Cu and oxidation. 

First, as shown in FIG. 10A, an insulating film 
401 of a thermal oxide film of 100 nm, a p-SiN film of 
30 nm, and a CVD oxide film of 400 nm is deposited on 
the semiconductor substrate 400 . A wiring pattern 
groove having a depth of 40 0 nm is formed in the CVD 
oxide film by lithography and etching. The wiring 
pattern is a wiring having L/S of 0.4/0.4 /im and a 
length of 1.5 mm. Electrode pads, not shown, are 
connected to both ends of the wiring. 

The TaN film 402 is deposited to 20 nm by 
sputtering and a Cu film is deposited to 200 nm by 
sputtering. The TaN film 402 is necessary as a 
diffusion preventing layer surrounding the bottom 
surface and side surfaces of the Cu film. 

The Cu film is filled, i.e., buried, by plating 



and is subjected to CMP, thereby forming a Cu 
wiring 403. 

As shown in FIG. 10B, by etching the surface of 
the Cu wiring 403 with an acid, a recess 404 having a 
depth of 7 0 nm is formed . 

Subsequently, as shown in FIG. 10C, a TaN film 405 
is deposited to 50 nm. As illustrated in FIG. 11A, the 
TaN film 405 is subjected to a CMP process but is left 
on the upper of the Cu wiring 403. In this case, a 
part of the TaN film 405 is thinned to about 30 nm by 
dishing. 

After depositing the Al film 406 to 50 nm on the 
entire surface by sputtering as shown in FIG. 11B, the 
Al film 406 on the insulating film 401 is removed by 
CMP in FIG. 11C. The method of forming the Al film 406 
is not limited to sputtering, but selective CVD or the 
like can be also used. Since the step is small, it can 
be sufficiently covered by sputtering without heating. 
In order to obtain more preferable coverage of Al, 
however, it is desirable to heat the substrate within a 
range that Cu is not diffused. 

A fifth embodiment of the invention will now be 
described with reference to the drawings. 

The fifth embodiment of the invention relates to a 
method of forming a barrier layer made of Al/TiN on the 
upper surface of a Cu damascene wiring. A point 
different from the fourth embodiment is that, in the 



order of steps , the CMP process to the barrier layer on 
the wiring is performed at the second stage after 
stacking interlayers TiN and Al. The barrier layer on 
the wiring is used to prevent diffusion of the Cu film 
and prevent oxidation. 

First, as shown in FIG. 12A, in a manner similar 
to the fourth embodiment, a wiring structure in which 
the TaN film 502 and the Cu wiring 503 are filled in 
the insulating film 501 on the semiconductor substrate 
500 is obtained. 

As shown in FIG. 12B, by etching the surface of 
the Cu wiring 503 with an acid, a x recess 504 having a 
depth of 50 nm is formed. 

Subsequently, a TiN film 505 is deposited to 20 nm 
on the entire surface by sputtering as shown in 
FIG. 12C, and an Al film 506 is deposited to 50 nm by 
sputtering as shown in FIG. 13A. 

Then, as shown in FIG. 13B, by removing the Al 
film 506 and the TiN film 505 on the field region by 
CMP of two stages, a barrier film constructed by the Al 
film 506 and the TiN film 505 is left only on the Cu 
wiring 503. 

According to the fifth embodiment, the method has 
advantages such that the TiN film 505 is not dished and 
the number of steps can be reduced since the Al film 
506 and TiN film 505 on the field region are removed by 
the continuous steps of the two-stage CMP . 



Two comparative examples according to the 
conventional techniques with respect to the fourth and 
fifth embodiments will be described hereinbelow. 
Comparative Example I 

The comparative example I relates to a method of 
forming a recess having a depth of 50 nm in the Cu 
damascene wiring and a barrier layer made of TaN is 
formed on the upper surface of the wiring. 

On a semiconductor substrate, an insulating film 
comprised of a thermal oxide film of 100 nm, a p-SiN 
film of 30 nm, and a CVD oxide film of 400 nm is 
deposited. A wiring pattern groove having a depth of 
400 nm is formed in the CVD oxide film by lithography 
and etching. 

Then, a TaN film is deposited to 20 nm by 
sputtering, and a Cu film is deposited to 200 nm by 
sputtering. 

The Cu film is filled by plating and is subjected 
to CMP, thereby forming a Cu wiring. After that, a 
recess having a depth of 50 nm is formed by etching the 
surface of the Cu wiring with an acid. 

A TaN film is deposited to 50 nm on the entire 
surface of the wafer. The TaN film on the field 
portion is then removed by CMP so that only the TaN 
film on the Cu wiring is left. In this case, a part of 
the TaN film is thinned to about 30 nm by dishing. 



Comparative Example II 

The comparative example II relates to a method of 
forming a recess having a depth. of 100 nm in a Cu 
damascene wiring and a barrier layer made of TaN is 
formed on the upper surface of the wiring. 

On a semiconductor substrate, an insulating film 
comprised of a thermal oxide film of 100 nm, a p-SiN 
film of 30 nm, and a CVD oxide film of 400 nm is 
deposited, A wiring pattern groove having a depth of 
40 0 nm is formed in the CVD oxide film by lithography 
and etching. 

Then, a TaN film is deposited to 2 0 nm by 
sputtering, and a Cu film is deposited to 200 nm by 
sputtering. 

The Cu film is filled by plating and is subjected 
to CMP, thereby forming a Cu wiring. After that, a 
recess having a depth of 100 nm is formed by etching 
the surface of the Cu wiring with an acid. 

A TaN film is deposited to 100 nm on the entire 
surface of the wafer. The TaN film on the field 
portion is then removed by CMP so that only the TaN 
film on the Cu wiring is left. In this case, a part of 
the TaN film is thinned by dishing but the TaN film 
remains about 70 nm at the thinnest portion. 

As described above, the samples formed by fourth 
and fifth embodiments and the first and second 
comparative examples were subjected to wiring 
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resistance measurement and a barrier effectiveness 
test. The barrier effectiveness test was carried out 
by depositing a silicon oxide film of 1 p,m by CVD on a 
wafer on which the barrier film was formed, performing 
5 heat treatment at 450°C for 40 hours, dissolving the 

insulating film, and measuring Cu density in the film. 
A silicon oxide film deposited on an Si wafer was used 
for comparison. When the Cu density increased, it was 
determined that Cu was diffused through the barrier 
10 film. Table shows the results of the measurement. 
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In the case where the recess has the depth of 
5 0 nm and the thickness of the deposited TaN film is 
5 0 nm as in the comparative example I, the wiring 
resistance is good. However, it is understood that 
since the TaN film is thinned by dishing, the barrier 
effectiveness deteriorates and Cu is diffused into the 
insulating film. Although the film thickness measured 
at the thinnest position is 30 nm which is thicker than 
the TaN film on the side surfaces and the bottom 
surface, the barrier effectiveness deteriorates due to 
the rough surface of the Cu film caused by particles 
and the like and insufficient coverage in a step 
between the insulating film and the Cu wiring. 

In the comparative example II, by setting the 
depth of the recess to 100 nm and the thickness, of the 
TaN deposition to 100 nm to make the TaN film on the Cu 
wiring thick, the barrier effectiveness is improved. 
Due to the decrease in the Cu amount in the groove, 
however, the wiring resistance increases. When the 
groove is made deeper to 1 jjtm in order to assure the 
thickness of the Cu film, the aspect ratio is too high. 
Consequently, the Cu wiring is not sufficiently filled 
in a part of the wafer. 

On the contrary, the fourth and fifth embodiments 
show preferable wiring resistance characteristic. 
Although the TaN film is thinned by dishing in the 
fourth embodiment, and although only the TiN film of 



2 0 nm is formed in the fifth embodiment, it is 
understood from the table that Cu is not diffused into 
the insulating film. This indicates that it is 
sufficient for the TaN film or the TiN film that these 
films prevent Al from diffusing into Cu, since in the 
case where Cu is diffused, it is alloyed and captured 
in the Al film, and moreover, an oxide film on the 
surface of the Al film functions as a diffusion 
preventing film. As the result, a high-performance 
wiring having low wiring resistance can be realized. 

In the step of performing the CMP process on the 
barrier layer on the upper of the wiring, in the fourth 
embodiment, the CMP process is performed each time each 
of the two kinds of materials constructing the recess 
cap is stacked. In the fifth embodiment, the CMP 
process of two stages is performed after stacking the 
two kinds of materials. The order of steps can be 
replaced with each other between the fourth and fifth 
embodiments. For example, in the fourth embodiment, 
the CMP process of two stages can be performed after 
stacking the two kinds of materials. 

In the fourth and fifth embodiments, various 
modifications and applications of conditions of 
materials and film thickness, and the like are possible 
without departing from the scope of the present 
invention. For example, it is sufficient that the 
intermediate layer prevents diffusion of Al into the Cu 



wiring, thereby preventing increase in the wiring 
resistance. The intermediate layer contains at least 
one element selected from Ti, Zr, V, w, Ta, Nb, Cr, Sn, 
Co and Ru, or a nitride, an oxide, a boride, and a 
carbide of any of the elements. Although the case of 
applying the invention to Cu as the material of the 
wiring layer has been described, the invention can be 
also applied to Ag. 

As described above, according to the first to 
third embodiments of the present invention, a cap film 
can be formed in a state where occurrence of dishing on 
the damascene wiring is suppressed as much as possible. 

Also as described above, according to the fourth 
and fifth embodiments of the present invention, Cu is 
captured by being alloyed with Al or an Al alloy formed 
via an intermediate layer and, further, the oxide film 
existing on Al or an Al alloy functions as a diffusion 
preventing film. Thus, the capacity between wirings 
can be reduced and the high-performance wiring with low 
wiring resistance can be realized. When the thickness 
of the Al or Al alloy film is 20 nm or more, the film 
functions as an effective barrier. Consequently, in 
consideration of a margin of CMP, although it is 
sufficient that the thickness of a finish film is about 
20 nm, it is also possible to set the thickness to 
2 0 nm or more in order to achieve higher barrier 
effectiveness. Since Al or Al alloy has low 



resistance, even when the film thickness is increased 
to a certain extent, the wiring resistance does not 
increase so much. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



